sailing speed information about ships [1] , so we can get these implications and other useful information by detecting ship wakes. In SAR images, ship wakes tend to be V-shaped lines or strip lines. So, the detection of ship wakes in SAR images is equivalent to that of the line detection. In this respect, Radon Transform (RT) and Hough Transform (HT) are two of the most effective methods which can be considered [1] . A great deal of research is focused on RT or HT based methods for the detection of ship wakes in SAR images, such as [1] ~ [4] . The main idea of these methods is to transform SAR images into the parametric space, and detect the lines by their collinearity.
But, [5] indicates that RT or HT based methods can only examine the collinearity of image points, but not care about the distribution of points along a line with certain width. This means that when detecting a line with certain width in noisy images, one may get wrong results. So, [5] proposes a new line detection method based on the Parallel Coordinate Transform (PCT) for noisy images. PCT is actually a nonparametric transformation method, and it will transform any point from image space into parallel coordinate space without supposing the point is on a line expressed by the parameterized form.
This means when detecting lines with a width, it will be more effective and more efficient than the RT or HT based methods.
[6] also uses the PCT to detect lines, but as same as [5] , it binarizes the original grayscale images firstly. [7] indicates that the binaryzation of grayscale images may cause the loss of grayscale information, even change the spatial relationship and statistic characteristics between pixels.
Facing the above problems, we will extend the traditional PCT from binary into the grayscale transformation to deal with grayscale SAR images directly, and use clustering techniques to detect ship wakes in the noisy SAR images with certain width. This paper is organized as follows. Section II introduces the new concept of grayscale PCT and proposes our new International Conference on Remote Sensing, Environment and Transportation Engineering (RSETE 2013) method based on it, Section III compares our methods with other 2 methods using several synthetic and real SAR images, and the conclusions are drawn in Section IV.
II. GPCT BASED DETECTION METHOD
It is well known that the axes of the Cartesian Coordinate System (CCS) are vertical mutually. If placing them in the same direction but spacing a certain distance, we can get a new frame named the Parallel Coordinate System (PCS). At this time, (1) a point in the CCS will be mapped into a straight line in the PCS; (2) all points on a line in the CCS will be mapped into a group of straight lines in the PCS, which will intersect at one point if the slope of the line in the CCS is negative; (3) a point in the PCS will be mapped back into a straight line in the CCS as well [6] . The first two characteristics are the principle of PCT, whose implementation is an accumulative process.
As discussed above, traditional PCT can only deal with binary images but it is unable to process grayscale images, just as the methods proposed in [5] and [6] . This may cause the loss of grayscale information, and even for the HT based methods, a gray-scaled normalization is great helpful for the detection of ship wakes [2] . Here following the above idea, we extend the traditional PCT from binary into the grayscale transformation to deal with grayscale SAR images directly, whose steps are as following, (1) We propose a new method based on the GPCT to detect ship wakes in SAR images. The flow consists of 3 steps, (1) transforming the original grayscale SAR images by the GPCT, and getting 2 transform domains; (2) preserving obvious points of the 2 GPCT domains with a modified iterative thresholding method; (3) clustering these points with the Hierarchical Agglomerative method [8] and determining centers of every clusters to locate the centerlines of the ship wakes. With these centers, we can furthermore retrieve size, heading direction and sailing speed information about the ship, and we also can evaluate the detective accuracy of our new method by transforming them back into the image domain.
As for step (2), the existing methods mostly set thresholds manually. We use a Neighborhood Valley Emphasis method presented in [9] to promote the automatic level of our method. Table I . The line detection results of our method of Expt. 2 are shown in Fig. 2 with red color, and the averages of 4 metrics of our method and other 2 methods are listed in Table II . For Expt. 3, the radius of clustering is still set to 20 pixels, but the averages of all 58 FTs are different with each other. For all of the 58 real SAR images in this experiment, the averages of 4 indices of our method and other 2 methods are listed in Table III, and some representative results of all the 3 methods are shown in Fig. 3 with red color. Table I , we see that FA, MD, and ND indices of our method are the smallest than those of other 2 methods, which means that our method is more antinoise than other methods. In Table II , FA, MD and ND indices of our method are still the smallest than those of other 2 methods, which represents that our method is more insensitive to the line width than other methods. In Table III , FA, MD, and ND indices of our method are also the smallest than those of other 2 methods, which implies that our method is better than other methods under the real conditions. In addition to these, seen from all the 3 tables, the runtime efficiency of our method is slightly slower than that of the RT based method, but markedly faster than that of the NHT based method.
III. EXPERIMENTS

IV. CONCLUSIONS
In this paper, a new GPCT based ship wakes detection method for SAR images is proposed. Here, GPCT is an improvement to the traditional PCT, which extends the binary transformation into grayscale transformation, and can deal with grayscale SAR images directly. Experimental results both using synthetic and real SAR images show that, the anti-noise performance and detective accuracy of our new method are excellent, and at the same time, our method is more insensitive to the width of ship wakes. The runtime efficiency of our method is slightly slower than the RT based method, and markedly faster than the NHT based method. 
